Abstract Purpose: Rituximab may overcome bcl-2-mediated chemoresistance through the inhibition of interleukin-10 (IL-10)-mediated loops, thus down-regulating bcl-2 expression. We examined the effects of genetic variation in BCL2/IL10 gene loops on treatment outcomes of diffuse large B-cell lymphoma when treated with either CHOP or rituximab plus CHOP (R-CHOP) chemotherapy. Experimental Design: Four genotypes were tested including BCL2 -938 C>A (rs2279115), +21A>G (rs1801018), IL10 -819 T>C (rs1800871), and -592 A>C (rs1800872) in patients receiving either R-CHOP (n = 125) or CHOP (n = 110). Results: IL10 SNPs, -819 TT/TC or -592 AA/AC genotypes correlated with improved CHOP response rates (P = 0.04). Neither polymorphism separately influenced the failure-free survival (FFS) or overall survival in patients, but the IL10 haplotype was associated with treatment outcomes after R-CHOP for FFS (P = 0.03) or progression (P = 0.007), whereas the -938 AA BCL2 genotype significantly affected overall survival (P = 0.04). An interactive effect between BCL2 and IL10 SNPs was significant in the group with both -938 AA BCL2 genotype and 1to 2 copies of CC IL10 haplotype. This group showed a better FFS (P = 0.01) and a lower probability of progression (P = 0.004) compared with other genotype groups when treated with R-CHOP chemotherapy. Conclusions: These data indicated that R-CHOP chemotherapy resistance in diffuse large B-cell lymphoma may involve interactions between the BCL2 and IL10 genes.
The addition of rituximab to CHOP chemotherapy (R-CHOP) has significantly improved the chemotherapy response rates and survival times in patients with diffuse large B-cell lymphoma (DLBCL) compared with CHOP therapy alone (1 -5) . However, the mechanism of action of rituximab against DLBCL has not been fully elucidated (6) . The bcl-2-mediated mechanism of chemoresistance has been proposed as target of R-CHOP (7, 8) . bcl-2 is a member of the bcl-2 family of proteins that regulate apoptosis or programmed cell death. Recent studies suggest that rituximab modulates cellular and molecular signal transduction pathways that regulate bcl-2-expression, particularly in patients with bcl-2-positive DLBCL (6) .
Interleukin-10 (IL-10) has also been proposed as a potential prognostic marker in DLBCL patients. Previous studies have suggested that high IL-10 levels correlated with advanced stage, higher international prognostic index (IPI), and worse prognosis in DLBCL patients (9, 10) . Serum levels of IL-10 mainly reflect tumor burden (advanced disease stage, elevated lactate dehydrogenase, and h 2 -microglobulin; ref. 11) or enhanced activation of the immune system in patients with more aggressive disease (9) .
IL-10 regulates bcl-2 expression in hematopoietic cells (12) as well as in lymphoma cells (13) . Alas et al. (14 -16) have suggested that inhibition of IL-10-mediated loops by rituximab could down-regulate bcl-2 expression and sensitize lymphoma cells to cytotoxic chemotherapy. Therefore, interaction between bcl-2 expression and IL-10 growth factors may contribute to the resistance mechanisms of DLBCL to chemotherapy.
Recently, various single nucleotide polymorphisms (SNP) have been identified on the genes of BCL2 and IL10. The BCL2 promoter gene SNP, the -938 C>A genotype, correlates with bcl-2 expression and is associated with disease progression and survival in chronic lymphocytic leukemia (17) . Lech-Maranda et al. (9) reported that the DLBCL patients with the IL10-1082G allele showed improving complete response (CR) rates as well as increased progression-free survival and overall survival (OS) times when treated with CHOP chemotherapy. In addition, the IL10 gene SNPs for loci -1082 A>G, -819 T>C, and -592 A>C showed strong correlations with progression-free or OS times in DLBCL patients receiving CHOP-based chemotherapy (9) . To our knowledge, the role of BCL2 and IL10 gene polymorphisms has never been investigated in the R-CHOP therapy setting.
We hypothesized that the blocking effects of R-CHOP chemotherapy would be maximized in a milieu of high IL-10 and bcl-2 expression. We examined the clinical benefits of R-CHOP therapy in DLBCL patients with higher IL-10/bcl-2-inducible genetic variants compared with a group with other IL-10/bcl-2-inducible genetic variants. We also analyzed clinical outcomes in the R-CHOP (n = 125) and CHOP groups (n = 110) according to the presence of BCL2 and IL10 gene polymorphisms.
Materials and Methods
Patient characteristics and treatment protocol. A total of 235 patients who received R-CHOP (n = 125) or CHOP (n = 110) as a frontline therapy for DLBCL were included in the current study. Patient samples and clinical records were collected from six hospitals in the Republic of Korea (Kyungpook National University Hospital, Chonnam National University Hwasun Hospital, Korean Cancer Center Hospital, Pusan National University Hospital, Dongsan Medical Center, and Yeungnam Medical Center). The study was approved by the institutional research board of the Kyungpook National University Hospital.
CHOP chemotherapy was administered as follows: one course of chemotherapy consisted of intravenous infusions of cyclophosphamide 750 mg/m 2 , Adriamycin 50 mg/m 2 , vincristine 2 mg, and oral administration of 100 mg prednisone on days 1 to 5 (CHOP). This was repeated every 3 weeks (18) . The R-CHOP protocol was identical to the CHOP protocol, except for the addition of a rituximab (375 mg/m 2 /d) intravenous infusion over 4 to 6 h at day 1 before administration of CHOP drugs. Patients with limited stage disease typically received 4 courses of chemotherapy followed by involved field radiotherapy (30-40 Gy), whereas patients with advanced-stage disease received 6 to 8 courses of chemotherapy followed by radiotherapy to bulky sites. There was no maintenance treatment with rituximab after completion of the R-CHOP protocol. Twelve patients received high doses of chemotherapy with autologous stem cell rescue for relapsed disease -(n = 2) or as an upfront treatment for initially high IPI scores (n = 10). The response to CHOP with or without rituximab therapy was evaluated after completion of 2 to 3 courses of chemotherapy, 1 month after completion of all planned cycles of chemotherapy, and every 4 months thereafter.
Genotyping of the IL10 and BCL2 gene polymorphisms. Genomic DNA was isolated using a DNA purification kit (Bioneer) with venous blood samples in tubes with 50 mmol/L EDTA from each patient. Informed consent was obtained in all subjects. The genotypes of the IL10 promoter gene at loci -819 T>C (rs1800871) and -592 A>C (rs1800872) were assessed using the PCR with restriction fragment length polymorphisms with previously described primers (19) .
The genotypes for BCL2 -938 C>A (rs2279115) and +21 A>G (rs1801018) were analyzed with rapid capillary PCR and melting curve analysis using fluorescence-labeled hybridization probes in a LightCycler System (LC480; Roche Diagnostics). The amount of fluorescence was measured using fluorescence resonance energy transfer. The PCR primer sequences and the fluorescently labeled hybridization probes are described as follows (Bioneer): for -938 C>A genotyping The cycling conditions were as follows: 95jC for 10 min followed by 95jC for 10 s, 56jC for 10 s, and 72jC for 10 s repeated 45 times. The melting curve was recorded after 1 min denaturation (95jC) followed by reannealing at 40jC for 1 min and detection during heating to 80jC at 0.2jC/s. The example of LightCycler-assisted analyses of the BCL2 genotyping is shown in Supplementary Fig. S1 .
To confirm the genotyping results, direct sequencing was done with selected PCR-amplified DNA samples. BCL2 and IL10 genotyping has been successfully done in 216 of 235 (92%) samples. BCL2 and IL10 genotype sequence was available in 197 samples.
Definitions. Clinical responses to CHOP with or without rituximab chemotherapy were determined by physical examination and computed tomography. Responses were scored according to the International Working Group criteria (20) . OS time was measured from day 1 of the initial cycle of frontline chemotherapy to the date of death or last follow-up. Failure-free survival (FFS) time was calculated from day 1 of the initial cycle of frontline chemotherapy to treatment failure (disease progression, recurrence, or death by any cause).
Biostatistical analysis. The frequencies of BCL2 and IL10 genotypes were calculated using the haploview program (21) . Haplotype frequencies were estimated with the linkage disequilibrium (LD) coefficient, D, using the haploview program. 
Translational Relevance
The current study investigated the predictive role of BCL2 and IL10 gene polymorphism on the treatment outcomes of DLBCL patients and compared their outcomes according to the chemotherapy regimen (R-CHOP versus CHOP) and BCL2/IL10 SNPs. Previous study revealed that in situ expression of BCL2 is a significant risk factor for poor outcomes following CHOP therapy and that R-CHOP therapy could overcome bcl-2-mediated chemoresistance. In the current study, the interaction between the BCL2 and IL10 polymorphisms on improving outcomes following R-CHOP therapy suggests that rituximab could overcome drug resistance of DLBCL by blocking the IL-10/bcl-2-mediated loops, which could be a potential target of treatment for DLBCL. In addition, as Cerhan et al. showed that the multiple candidate gene polymorphism approach could stratify patients with follicular lymphoma according to their prognoses, the mechanism of chemoresistance in DLBCL could be investigated using the multiple candidate gene polymorphism in future, based on the current results.
complete linkage equilibrium. Individual haplotype was estimated based on a Bayesian algorithm using the Phase program (22) .
We hypothesized that the CC haplotype has a high IL-10 inducibility. Thus, individuals with 0 to 1 copy of the CC haplotype would have a low IL-10-inducible haplotype, whereas those with 2 copies of the CC haplotype would have a high IL-10 inducibility. In addition, the -938 AA genotype predicted high bcl-2 inducibility, whereas -938 AC/CC genotype predicted low bcl-2 inducibility. This is based on previous functional study results for the IL10 (22 -26) and BCL2 gene polymorphisms (17) . We divided the patients into two groups based on SNP information to examine the effects of interaction between BCL2 and IL10 gene SNPs: (a) the high BCL2 and high IL10 inducible group with both -938 AA BCL2 genotypes and 2 copies of CC IL10 haplotype for loci -819 T>C and -592 A>C (BCL2 Additive, dominant, or recessive models were analyzed by singlemarker analyses to examine the association of each genotype of IL10 or BCL2 SNPs with clinical outcomes, including CR, ORR, probability of progression, FFS, and OS. In a haplotype analysis, additive, dominant, or recessive models were also applied. Comparison of CR and ORR was done using the m 2 test, whereas the comparison of probability of progression, FFS, and OS was done using the log-rank or Wilcoxon test.
Cohorts had been previously separated into the CHOP and R-CHOP groups, and data were separately analyzed. This analysis revealed that the poor prognostic effect of bcl-2 expression was neutralized by adding rituximab to CHOP therapy (P = 0.7 for OS and 0.8 for event-free survival), whereas the expression of bcl-2 was associated with poor OS when treated with CHOP therapy (8) . Without separating the groups according to their frontline treatment regimens or genotypes, a sensitive signature could be neglected in evaluating the prognostic value of the candidate biomarker. Thus, we defined ''stratified treatment group'' as groups receiving either CHOP or R-CHOP therapy and ''stratified genotype group'' as groups with either BCL2 . We compared the CR, ORR, probability of progression, FFS, and OS according to (a) different genotype groups in each stratified treatment group (Supplementary Fig. S2A ) and (b) between the R-CHOP and CHOP groups in each stratified genotype group (Supplementary Fig. S2B ).
Further analysis was conducted to identify the predictive factors for the achievement of CR or ORR by multiple logistic regression analyses using the backward conditional procedure. Multivariate survival analyses using the Cox's proportional hazards model were used to define the prognostic factors for OS, FFS, or probability of progression. Backward conditional procedures were conducted until the P value for the likelihood ratio test was <0.05 with the following variables: frontline regimen (R-CHOP versus CHOP), IPI (score 0-2 versus 3-5), and BCL2/IL10 genotype (BCL2 High /IL10 High versus BCL2
Low and/or IL10 Low ). The procedure was repeated in the overall population regardless of their frontline regimen and in each stratified treatment group (CHOP or R-CHOP group). The hazard ratios (HR) and 95% confidence intervals (95% CI) were also estimated. Statistical significance was established at P < 0.05. The statistical data were generated using the SPSS software package (SPSS 13.0). Multivariate analyses were done on 200 of 212 patients, with 12 patients excluded due to lack of lactate dehydrogenase data at presentation.
Results
Treatment outcomes in overall group. Demographic characteristics and treatment outcomes are displayed in Table 1 . The median age was 60 years and median follow-up time was 22 months (range, 0.5-176 months) No differences in demographic characteristics were identified between the R-CHOP and the CHOP groups.
The CR rate or ORR was not significantly different between the two groups (P = 0.2 for CR and P = 0.4 for ORR) according to frontline chemotherapy. However, a significant difference was noted between the two groups with respect to FFS and the probability of progression (Supplementary Fig. S3 ). The 1-year FFS rate was 82.4 F 3.6% in the R-CHOP group and 65.7 F 4.8% in the CHOP group and 2-year FFS was 59.3 F 5.4% in the R-CHOP group and 54.5 F 5.3% in the CHOP group (P = 0.03). The 1-year probability of progression was 13.7 F 3.3% in the R-CHOP group and 31.3 F 4.8% in the CHOP group, and 2-year probability of progression was 35.8 F 5.5% in R-CHOP group and 41.9 F 5.3% in the CHOP group (P = 0.01). OS was not statistically different between the two groups but trended toward a survival benefit in the R-CHOP group. The 1-year OS rate was 89.4 F 2.9% in the R-CHOP group and 83.9 F 3.7% in the CHOP group and the 2-year OS rate was 74 F 4.8% in the R-CHOP group and 70.9 F 4.9% in the CHOP group (P = 0.2).
Distribution of genotype and haplotype. The genotype distributions for IL10 and BCL2 gene are displayed in Table 2 . The frequency of the A allele (fA) and fC was 0.711 and 0.289 for IL10, -592 A>C genotype (Hardy-Weinberg P = 0.1366), whereas the fT and fC was 0.708 and 0.292 for IL10, -819 T>C genotype (Hardy-Weinberg P = 0.1519). The fA and fG was 0.914 and 0.086 for BCL2, +21 A>G genotype (HardyWeinberg P = 0.9549), whereas the fC and fA was 0.618 and 0.322 for BCL2, -938 C>A genotype (Hardy-Weinberg P = 0.0527), respectively.
The LD analysis showed a strong LD between -819 T>C and -592 A>C in IL10 SNP (D ¶ = 1.00), thus generating two haplotypes for IL10 gene polymorphism as TA (frequency 0.708) and CC (0.289). A weak LD was noted between +21 A>G and -938 C>A in BCL2 SNP (D ¶ = 0.40). The frequency in IL10 haplotypes was not different between the R-CHOP and the CHOP groups (P = 0.357).
Disease characteristics (including IPI, stage, performance status, age, lactate dehydrogenase elevation, or extranodal involvement) were not significantly different by the IL10 or BCL2 genotype in most cases. However, the CHOP group, -938 C allele (AC or CC genotype) was associated with older age (P = 0.01), whereas -938 AA genotype was associated with more frequent extranodal involvement. In the R-CHOP group, -938 AA genotype was associated with lower stage at presentation (P = 0.01).
Single-marker analysis for treatment outcomes according to the frontline therapy of R-CHOP or CHOP therapy or according to the BCL2 and IL10 gene polymorphisms. We compared treatment outcomes to determine whether BCL2 and IL10 gene polymorphisms were associated with different treatment outcomes when adding rituximab to CHOP chemotherapy. We compared the outcomes according to different genotype groups in the two stratified treatment groups (R-CHOP or CHOP group) and between the R-CHOP and CHOP therapy in the two Table 3 shows that the IL10 gene polymorphism significantly influenced the ORR in the CHOP group but not in the R-CHOP group. The ORR in the CHOP group was significantly higher in the group with -592 AA or AC genotype compared with those with CC genotype (87% versus 62%; P = 0.04) or in the group with -819 TT or TC genotype versus those with CC genotype (87% versus 62%; P = 0.04). However, no difference in ORR was observed according to IL10 gene polymorphism in the R-CHOP group. The +21 A>G or -938 C>A BCL2 genotype was not associated with ORR either in the R-CHOP or CHOP group, respectively.
We also compared the CR or the ORR between the R-CHOP and the CHOP groups in each genotype group as shown in Table 3 (P values are presented as P CR and P ORR ). A significantly improved ORR in the R-CHOP group was noted compared with the CHOP group in a subgroup with the -592 CC genotype (P = 0.05) or with the -819 CC genotype (P = 0.05).
Better FFS and OS in each IL10 genotype group was not detected in overall patients or in the R-CHOP group. Different OS trends were noted in the CHOP group according to the IL10, -592 A>C (P = 0.06) or -819 T>C genotypes (P = 0.06). The R-CHOP group had better FFS in the groups with -592 AA/ AC (P = 0.03), -819 TT/TC (P = 0.02), and IL10 genotype, +21 AA (P = 0.05). In addition, better FFS was noted in the group with 938 AA BCL2 genotypes among R-CHOP-received patients (P = 0.05) probably due to more frequent presentation with lower stage disease.
IL10 gene haplotype associates with treatment outcomes following R-CHOP or CHOP therapy. The analysis revealed a strong association of the IL10 haplotype with ORR in the CHOP group but not in the R-CHOP group. The group with 0 or 1 copy of the CC haplotype (TA/TA or TA/CC haplotype) showed a 90% of ORR (71 of 79 patients) compared with 67% of ORR in those with 2 copies of the CC haplotype (10 of 15 patients; P = 0.03) when confined to the CHOP group. This confirmed the negative prognostic effect of the CC IL10 haplotype on survival in DLBCL patients. However, this negative effect was not noted in the R-CHOP group (P = 0.3). It is possible that R-CHOP therapy could overcome negative effects of the CC IL10 haplotype on prognosis in DLBCL patients.
Multivariate analyses for response to CHOP or R-CHOP therapy. Further analyses with multiple logistic regression was conducted to identify the predictive factors of ORR and identified the CC IL10 haplotype as the only independent predictive factor for ORR in the overall population (odds ratio, 3.12; 95% CI, 1.01-9.65; P = 0.05). We performed these analyses separately in either R-CHOP or CHOP group and the influence of the IL10 gene haplotype was more prominent in the CHOP group (OR, 6.07; 95% CI, 1.56-23.69; P = 0.009) but not significant in the R-CHOP group.
Interaction between IL10 and BCL2 gene polymorphisms and its effect on the treatment outcomes of DLBCL patients. We generated two risk groups according to patient SNP information on the IL10 haplotype and BCL2 genotype to evaluate interactions between the IL10 and BCL2 gene polymorphisms: (a) high BCL2 and high IL10 inducible group with both -938 AA BCL2 genotypes and 2 copies of the CC IL10 haplotype for loci -819 T>C and -592 A>C (BCL2 High /IL10 High ) and (b) low BCL2 or low IL10 inducible group with -938 AC/CC BCL2 genotype or 0 to 1 copy of the CC IL10 haplotype for loci -819 T>C and -592 A>C (BCL2 Low and/or IL10 Low ). Frontline therapy-stratified subgroup analysis was done in each group who received either CHOP or R-CHOP therapy according to their genotypes. No significant differences were noted in OS as shown in Fig. 1A . The group with BCL2 Low and/or IL10 Low showed better FFS than those with BCL2 High /IL10 High in the CHOP group (P = 0.002) but not in the R-CHOP group (P = 0.354; Fig. 1B) . The survival benefits of R-CHOP were prominent in the subgroup with BCL2 High / IL10
High over CHOP therapy in terms of FFS (P = 0.012; Fig. 1B) . The R-CHOP group showed a lower risk of progression compared with the CHOP group in the subgroup with BCL2 High /IL10 High (P = 0.004; Fig. 1C ) but not in other genotypes (BCL2 Low and/or IL10 Low ; P = 0.167). R-CHOP therapy might overcome a high IL-10 and bcl-2 milieu, which are poor prognostic factors for DLBCL and neutralize the unfavorable effects of high IL-10 and bcl-2 environment. Figure 2 summarizes the HR and 95% CIs according to the frontline therapy and the BCL2/IL10 genotype in overall population and in either treatment-stratified or genotypestratified subgroups.
The treatment-stratified subgroup analysis suggested a trend of better outcomes in the R-CHOP therapy group compared with the CHOP therapy group in the overall population with respect to OS (HR, 0.59; 95% CI, 0.33-1.08), FFS (HR, 0.60; 95% CI, 0.37-0.97), and risk of progression (HR, 0.55; 95% CI, 0.33-0.91; Fig. 2A) . The benefit had greater significance, especially in the group with the BCL2 High /IL10 High genotype (13) 5 (38) 1 (6) 14 (17) 14 (16) 1 (7) P 0.04 0.04 0.4 0.5 n = 105 n = 9 n = 103 n = 9 n = 17 n = 91 n = 94 n = 14 R-CHOP CR 82 (78) 8 (89) 81 (78) 8 (89) 12 (71) 70 (77) 72 (77) 10 (71) PR 13 (13) 1 (11) 12 (12) 1 (11) 3 (18) 11 (12) 12 (13) 2 (14) SD + PD 10 (9) 0 (0) 10 (10) 0 (0) 2 (12) 10 (11) 10 (11) 2 (14 
Discussion
The current study suggests that the benefits derived through the addition of rituximab to CHOP chemotherapy was potentiated in the patient subgroup with the BCL2 High /IL10
High genotype compared with patients with the BCL2 Low and/or IL10 Low genotypes, particularly in terms of FFS or the probability of progression. These data suggested a potential interaction between bcl-2 and IL-10 as a target of R-CHOP therapy in overcoming chemoresistance in patients with DLBCL.
Higher expression of bcl-2 and/or IL-10 in some patients with DLBCL can partially explain the mechanism of treatment failure of CHOP therapy. Conversely, blocking this pathway with rituximab can be a potential mechanism of its therapeutic action. The current study highlights the effect of interaction of BCL2/IL10 polymorphisms on different treatment outcomes between patients receiving R-CHOP and patients receiving CHOP therapy. The patients with the BCL2 High /IL10 High genotype, whose prognosis was predicted to be worse than in individuals with BCL2 Low and/or IL10 Low genotypes, showed significantly worse FFS and higher risks of progression in the subgroup treated with CHOP therapy. This was not seen in patients treated with R-CHOP therapy. This finding suggested that R-CHOP therapy could neutralize the negative prognostic effect of the BCL2 High /IL10 High genotype on DLBCL survival. The BCL2 gene, located on chromosome 18q21.3, consists of 3 exons and 2 promoters. We examined the -938 C>A BCL2 genotype, which was shown to be correlated with bcl-2 expression and to be associated with disease progression and survival in chronic lymphocytic leukemia (17) . The -938 C>A polymorphism is located in P2 promoter region, which functions as a negative regulatory element to the P1 promoter in BCL2 gene expression (28, 29) . Accordingly, the -938 CC allele can increase the production of negative regulatory elements to the P1 promoter, resulting in down-regulation of the bcl-2 expression (17) . In addition, we included the +21 A>G BCL2 and -938 C>A BCL2 genotypes together based on previous results, suggesting a LD between the -938 C>A and the +21 A>G genotypes (30) . The linkage coefficient between -938 and +21 was too weak (D ¶ = 0.40) to generate a haplotype in our study.
The IL10 promoter gene polymorphism has been identified as an independent prognostic factor for progression-free survival or OS in DLBCL patients receiving CHOP-based chemotherapy (9) . Several haplotype studies for the IL10 promoter gene suggested that the ATA haplotype for -1082, -819, and -592 loci was associated with low IL-10 inducibility (23 -26) . In the present study, the group with high IL-10 inducibility had a higher ORR or better FFS than the other group when treated with CHOP therapy but not with R-CHOP therapy. However, this effect was not confirmed in the multivariate analysis based on Cox's proportional hazards model.
Recent studies have emphasized the significance of SNP-to-SNP interaction during interpretation of SNP data. The effect of SNPs cannot be detected in single marker analyses but became apparent when interpretation considered SNP-to-SNP interaction. Accordingly, the interaction among candidate genes needs to be considered in the analysis of the data (31, 32 (8) revealed that a mechanism of action in R-CHOP therapy is negation of bcl-2-mediated chemoresistance in DLBCL. The group with high bcl-2 expression showed a worse treatment outcome compared with those with low bcl-2 expression in individuals with CHOP therapy. The negative effect of bcl-2 expression was neutralized with R-CHOP therapy, showing similar treatment outcomes between R-CHOP-treated and CHOP-treated groups. Marked benefits from the R-CHOP patients in terms of FFS were observed in the group with the BCL2 High /IL10 High genotype. Both bcl-2 and IL-10 expression, particularly with CHOP chemotherapy, were well-known unfavorable prognostic factors in DLBCL patients. Therefore, we expected this group to have the worst clinical prognosis, and their treatment outcome in the overall population or in the CHOP group was worse than those with BCL2 Low and/or IL10 Low genotype. However, we showed neutralizing effects of R-CHOP on the poor outcome of patients with the BCL2 High /IL10 High genotype. In addition, the interaction between BCL2 and IL10 polymorphisms on improvement of outcomes in R-CHOP therapy suggests that that rituximab could overcome drug resistance in DLBCL by blocking the IL-10/bcl-2-mediated loops. The IL-10/ bcl-2-mediated pathway may not explain the entire mechanism of action of R-CHOP toward DLBCL. Cerhan et al. (34) showed that the multiple candidate gene polymorphism approach could stratify patients with follicular lymphoma according to their prognosis; therefore, further study will help direct the multiple candidate gene polymorphism approach in targeting multiple potential drug resistance pathways in DLBCL.
The interpretation of the current data requires special caution. The current study has been done with a small number of patients and with a short duration of follow-up. Accordingly, validation of the current results will be needed in patients with different ethnicities to contribute to clear conclusions on the issue.
In conclusion, our data suggested that an interactive effect between BCL2 and IL10 SNPs was significant in the group with both -938 AA BCL2 genotype and 1 to 2 copies of CC IL10 haplotype, especially in terms of FFS and progression, and that chemotherapy resistance in DLBCL may involve interactions between BCL2 and IL10 genes, which could be overcome by the use of R-CHOP.
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